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MEMBRANE 
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(57) Abstract: A poly(m-phenyleneisophthalamide) porous hollow fiber membrane is produced by ejecting a spinning solution 
containing poly(m-phenyleneisophthalamide), polyvinylpyrrolidone and an inorganic salt through a double annular nozzle with the 
= temperature of the spinning solution kept at 70**C or above, spinning the ejected solution by a dry-wet spinning method, and sub- 
jecting the resulting fibers to treatment with a humectant. It is preferable that the poly(m-phenyleneisophthalamide) porous hollow 
fiber membrane be heat-treated in water at 80**C or above after the dry-wet spinning and prior to the treatment with a humectant The 
poly(m-phenyleneisophthalamide) porous hollow fiber membrane exhibits a breaking strength of 10 MPa or above and a breaking 
extension of 80% or above after the wet heat treatment under the conditions of 100 **C and 80% humidity for 1000 hours or above 
with the breaking extension after the wet heat treatment kept at a level of at least 80 % of the breaking extension before the wet heat 
treatment, and is excellent in wet heat resistance and humidifying performance, thus being useful as humidifying membrane for solid 
polymer type fuel cells. 



< 



Q^ikmit. jaaioo°c, ;as8o%(D;"a8ft*«^TT?iooo^raiajis»iffliaLfcSi©aBf^ffi*<ioMPaiu±. mmwxsifi 



lest Available Copy 



wo 2004/024305 



PCT/JP2003/011062 



1 

m m m 

5 ^'M^m 

UT^g-^tc^V^fstL^Tj^y p< iJ'^azcuWW y7^7WT5 K#?L®tf'^ 

10 

20 m^gKJ^S:jElPS-rsMJ^;^^:dS. ^JPMf^^ 

;i(^*pSI^:*^^-e^*3ttS*PSI^o?^5fc^^ UXti. j^^i^^-^ui: b 

fc. j^Jisi-mm. ii#{;i5^iti#:ffii^3Rmm(^«^®i^<^APMic{i. ^fexis 



wo 2004/024305 PCT/JP2003/011062 



20 ^^^S^QiSbT^Ky ^i5^:7^^uWy:7i5^/VT5: K^TLK't'^*^^ 
25 {fit 

-NH- (m-CgH^) -NHCO- (m-C6H4) -CO- 



wo 2004/024305 PCT/JP2003/011062 



10 ^yif-/H:'ny :e<^5iii^:9'^»;6S^20, 000-100, 000. 0 

■SL< J*J^30,000~50, 000(^^5 iil^m?S4'^4~10i»%. ^Sf * U 

*fc. Jfe'fk:*/Vi^'>i^. ^^'fby^^i'.^ mh-TY]} 



wo 2004/024305 PCT/JP2003/011062 



TKy :7^:::^wW y:7iJ^/P'r^ K^iiM^:^* fcfW P V K 



wo 2004/024305 



6 



PCT/JP2003/011062 



10 tftl^o 

^yri— iT'a tf vv'^y 3~/K 2Ky iJ^y -fey i^^<o#^iiiiT/v=3— 



wo 2004/024305 



PCT/JP2003/011062 



6 



mmmi 



16. 39fi4% 



/KU t-^/Vlfa y KV(^:fe|»5^^=^*40, 000) 



9. 06 // 



3. 64 w 



70. 91 // 



CK^^TLK^^^^m^^F^^ili-f^^ ty.sso'c. m^80%OSP^^^0. 5 
fi^o%(^;^-r— :/^^^i. 2MPa(Z);!)^ffT^ o. 28m./^<DMM-^^\^. # 

25 SrO. 2MPa(D>!jnJETlC7*5' K^V K:*-^tJi J: «9 ^J^U^ #?L®'4'^^1^(?5 

^filllC^ig U^C^^Sr^^lfefC X Y) ^^3tjgiS^ (Pair) <^?il^*3 



wo 2004/024305 



PCT/JP2003/011062 



7 

J; tj^TK^^^iiais \^ n-r s ^fs.mm^m © as -e s ^m^^ ( « h2o/ai 

JtlSSM 2 

20 i4;i5e^J 4 

*jfe^jiiii:j3v^T. mm^^^^. mmu^^^xj^r-Mm-^y ^^^^^ 

25 itM^m 5 



wo 2004/024305 PCT/JP2003/011062 

8 

j}^ y yf=^?v t" n y k :^ (5jS:^5^^*4o, ooo) 4 // 

:;?p<^/VT-fe hT^ K 76 // 

^y)n:yt>m~mwmi(ommMm^. ^^wc)(ommd>i^^. sew 

)>k^i(DmMm 1 *3 J;t)«tt;IJEM 4 ~ 6 Jj:*5it S^ilS^mti> ^<^* 1 

^1 

15 aij^jgg HjfeMi Jti^^J4 Jtife^js ifc lis^je 

Ph2o [cm' (STP) /cm' • # • cmHg] 3. 7 X 1 0-=» 5,3X10"* 5.4X10"' 6. 2 X 10"' 
P„R[cm' (STP) /cm'' • # • cmHg] 7. 6 X 10"* 9. 0 X 10"^ 4. 1 X 10"* 1. 9 X lO"' 
a„2o/AiR 49000 580 1300 380000 

20 m^vm^<r^wmmM\ 

(MPa) 10.8 12.6 10.8 7.8 

(%) 88 75 86 15 

WMW^'^^ (%) 89 92 85 36 

25 T^y ;^ 37 31^1^ y^tJ'/VT^ K 16.2aS% 



wo 2004/024305 



PCT/JP2003/011062 



9 

^ V If ^-/V- 1" K >- (¥^5>^^»40. 000) 7. 3 If 

i^:?^ ^/VT-fe h T ^ K 70. 0 // 

/vj;:##^o:fe#7L®4»^*]^%30cm-fooS$l5::»5' h -T;^:/^ 

tfJ^^MC^^eSO/zm, I^=g450jtim)lCOV^-C. ^JS^lJ 1 l^i^i- UT. 

(Ph2o) . (Pair) *5 J: TJ«:»-lil^l^ ( a h2o/air) 

15 ^*5itJ«^m^^To^„ 

ll^feM2^^::^v^-C^ J^^fbJ^/v-^xe^Ai^grS. 25fi*%tii^3€U. ^btJi 

^'^/l-r ^ K#?L®'^'^^^(^^680Aun, |^#450ium)l:iOV^T> ^Jfe 
20 1 a: |^#(^?l!l^;as^^t:>:h/fCo 

it'fb;j&/Vi^e7^ 6.26 ;/ 

25 y fc* ^/l' tf P y K (^:^5^^*40, 000) 7. 03 // 

^/VT-fe h T ^ K 67. 44 // 



wo 2004/024305 



PCT/JP2003/011062 



10 



it'fkJJ^/yVi/l^A 6.93 // 

y tf tr a y k (^J^5>^440, ooo) 7. 78 // 

^yVT-fe h r 5 K 74. 63 // 

#btbfc^y ^ i?:7:x^i/W y :7i5?/^T5 K^^LKft'^^)^ W#6 
10 60/im. i^=g420/im)l^:ov>-C^ HJfe^J 1 i: l^il<^^il^:dstf t^tbfCo 

WfC^l'^'yt? 3.36 // 

15 y If =/V fc:' t3 y K >- (^*&^^*40, 000) 7. 55 // 

i^;^^/VT-fe hT^ K ' 72.35 n 

jKy ^^:7 3ic=i WW y:7^/WT^ K(=i— iJ^x<>) 15.36^*% 
ii'fb:^?/^^^lJ'i>» 11-37 n 

y tf n^/V t:° n y K^^ (^*l>:$>^»40, 000) 6. 92 // 

i?p«^/VT-fe 5 K 66.35 // 

25 LjO^S^j:. 3^MMIlK'f'<^^y p«^>^^^i^Wy:7i5'yVT5 K:J3J:U^ 



wo 2004/024305 



PCT/JP2003/011062 



11 

M:|{5^?llll 

^{e:, 3Ky tf=^/wi^i3 y K^^(5j^^:9•^ftl20.O00)^s|ll#lJ-g-efflv^?5tt 
10 itigimi2 

^ y tf ^/v If o y K (5pd^5>^fl:40, 000) 3. 74 // 

15 i;?p«^/VT-fe hT5 K 72.69 w 

nhfifc^V ^ y =^=-\-^~yA y y ^ J^r % K^^LKif ^^^(^^67o 

20 /}f y p«i5':7 3i:=^i/v^ y:7i?/uT5: K(=— ^i/^^) i5.47m*% 
4t'fb:*/^';^!^A 6.21 // 

y If r^/Vtr n y K V (^:^5^^1:40, 000) 1 1. 46 // 

V? p< ^/VT-fe b T ^ K 66. 86 '/ 

25 jKDHJfe^aj 2 ~ 4 . jttJsM?. io53j;m2i3:*5it6?ffii5£^mtt> 



wo 2004/024305 



12 



PCT/JP2003/011062 



^2 





Ph20 


Pair 




[cm' 


(STP)/cm2 . ^ . pj^] 


rcm'(STP)/cm2-S? • crnHg] 


a, H20/AIR 


mmm2 


4.6X10"' 


2.8X10"» 


160000 


II 3 


5.2X10"' 


5. 7X10"» 


91000 


II 4 


3. 1X10"* 


5.8X10"* 


53000 




6. 1X10"' 


3. 6X10"^ 


170 


// 10 


2.9X10"' 


1.5X10"^ 


19000 


// 12 


2.5X10"' 


2.4X10"^ 


10000 



10 

20 ^(ilOMPaii;_b. :figEif#D^:OS80%£;_h-e&«9. fi^-DW^Wxy-t^mBi^Mwi 

25 ^ti3fsxx:^m\^^^-r^mm4:t>'mm<o:i3^in^mm'r^^t:di'v^ 



wo 2004/024305 



PCT/JP2003/011062 



13 

ft ^ ^ e 

2. 2Ky p{i?73ir^l/Wy:7^/VT^ Kl2~35mS%^ :t?yif=/Vl:;° 

3. 5pj^^^4;5S2o, 000—100, ooo<^xK y tf:=^/v If n y K>'^sfflv^bn 

15 :5St:*:3«l^fcfi2|B^(D3Ky p«^:7:trivWy:7^/i.T^ K#?LSC 

skjKDTk^'vmmm-r^m'^m i ib^<^^ y ^ w y ^ ^5^/1- 

20 6. 80~121'C(Z>7Ktf •Cfli^adSfx^pnSlt^^Sia^jKy 7« i?:7^:= 

7. M^^ii^/^J*5|B«(D:3^ife(2:J:«)iS3t^tb:fe:jKy 7«i?7rcr^uv 

8. MSl00t)s M^80%<Z)fi|^^#T-ei000^P^J^JbS^Mabfc^O 

25 #a®i='^*m<z)m^giitJinoMPa£A_h. mmi^xjii^Bo%&L±x*^^ . 



wo 2004/024305 



PCT/JP2003/011062 



14 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/11062 



A. ClASSIHCViTION OF SUBJECT MATTER 

Int.Cl^ B01D69/08^ 71/56, D01F6/60 



Accoxding to International Patent Classification (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI'' B01D69/08, 71/56, D01F6/60 



Documentation seardied other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho • 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2003 

Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Itoho 1996-2003 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI/L 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 10-052631 A (NOK Kabushiki Kaisha) , 
24 February, 1998 (24,02.98), 
All references 
(Family: none) 

JP 2001-286743 A (NOK Kabushiki Kaisha), 
16 October, 2001 (16.10.01) , 
All references 
(Family: none) 

EP 781593 A (Gambro Dialysatoren GmbH. & Co. KG), 
02 July, 1997 (02.07.97), 

All references 

& JP 9-194590 A & DE 19549001 A 

& US 5859175 A 



Relevant to daim No. 



1-10 



1-10 



1-10 



[ I Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"H" earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"CT document referring to an oral disclosure, use, exhibition or other . 
means 

document published prior to the international filing date but later 
than the priority date claimed 



**T* later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
undeistand the principle or theoiy underiying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

**Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a peison skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
05 December^ 2003 (05.12.03) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Date of mailing of the international search report 

24 December, 2003 (24.12-03) 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



BUStUBi*^ PCT/J PO 3/H 0 6 2 



mm<om-r?>^m(o^ m^mf^m ( i p o ) 

Int. CI' B01D69/08. 71/56 D01F6/60 



m^^noit^^mmn mmMf^m (i pc) ) 

Int. Cr B 0 1D6 9/0 8. 7 1/5 6 D01F6/60 



• s^^mmmwimi^m 1926-1996 

s^m-skmrnm^m^^m. . 1971-2003 

s:^m^mmmMm<^n 1994-2003 

B^mmmM^M^Am 1996-2003 



asT-^ffl u:fcm^7'~^'<-;^ (7'—^^—:^<o^^. m^\^^\^^mm) 

WP I/L 



JP 10-052631 ki^pt-:^—^—^^^^ 1998.02.24, 

JP 2001-286743 Ai^^^—'^r-'W^^^ 2001. 10. 16, 

EP 781593 A(Gambro Dialysatoren GmbH & Co. KG) 1997.07.02, 
^XW( & JP 9-194590 A 

& DE 19549001 A 

& US 5859175 A 



1-10 
1-10 
1-10 



TYj #lc||jS(Dfe5S:i9t"efeoX, ^^mi:ilfc©l6i(. 
r&j ra— /■^T'^'b^T^ y—isrifc 



0 5. 12. 0 3 



&y^mmf-ff (I sA/j p) 

100-8915 



24.12.03 



mig#-^ 03-3581-1101 



4D 



8 2 16 



3 4 2 1 



«I^PCT/I SA/2 1 0 (|g2^*-i?) (1 998^7^) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ADED TEXT OR DRAWING 



